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(54) Portable communication terminal with reduced specific absorption rate 



(57) Disclosed is a portable communication terminal 
including a miniature and inexpensive internal type an- 
tenna capable of achieving a reduction in SAR. A 1/2A, 
dipole antenna is mounted on a surface of a printed cir- 
cuit board (PCB), mounted in a telephone body, oppo- 
site to the PCB surface to which a speaker is mounted. 
The dipole antenna is formed in the form of an antenna 
pattern on an antenna PCB arranged on the PCB of the 
phone body. In accordance with this configuration, res- 
onant current flows only through the dipole antenna. Al- 
so, no earth current flows through the PCB. Accordingly, 
radiating electromagnetic fields are shielded by the 
ground pattern of the PCB. Since the head of the user 
is positioned close to the speaker of the PCB under the 
condition of use of the portable telephone, the PCB 
serves as a shield plate for shielding radiating electro- 
magnetic fields, thereby reducing the intensity of elec- 
tromagnetic fields acting around the head. Thus, a re- 
duction in SAR is achieved. 
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Description 

[0001] The present invention relates generally to a 
portable communication terminal, and in particular, to a 
portable communication terminal capable of achieving 5 
a reduction in specific absorption rate (SAR). 
[0002] As the use of portable communication termi- 
nals such as a portable telephone, a personal handy- 
phone system (PHS) or a personal digital assistant 
(PDA) has increased, much attention has been paid to 10 
the effects (such as SAR) on the human body, in partic- 
ular, the head, when it is exposed to electromagnetic 
waves radiated from these portable communication ter- 
minals. SAR (Specific Absorption Rate) is a measure of 
the intensity of electromagnetic waves per mass ab- 15 
sorbed by the human body when exposed to electro- 
magnetic fields. In a portable communication terminal, 
current concentrates on the antenna of the terminal. As 
a result, electromagnetic fields are concentrated about 
the head of the user to which a radiation source, for ex- 20 
ample, the feeding point of the antenna, is closely posi- 
tioned. This results in an increase in SAR. Currently, a 
number of research efforts are being made to achieve 
a reduction in SAR. Also, guidelines for the protection 
of the human body from electromagnetic waves are be- 25 
ing established. 

[0003] Figs. 1a to 1d illustrate various types of mo- 
nopole antennas widely used in conventional portable 
telephones. Fig. 1a illustrates a retractable type, and 
Fig. 1 b illustrates a fixed short-length type. Figs. 1c and 30 
1d show internal types, that is, an inverted F type and 
an inverted L type, respectively. In Figs. 1a to 1d, the 
reference numeral 100 denotes a printed circuit board 
(PCB) of the terminal. 

[0004] Figs. 2a and 2b illustrate the structure of a mo- 35 
nopole antenna in a conventional portable phone, the 
antenna current, the earth current, and the current and 
voltage distributions exhibited during the operation of 
the antenna. Referring to Fig. 2a, a PCB 100 mounted 
to a phone body is illustrated. As shown in Fig. 2a, a 40 
1/4-X monopole antenna 101 is connected to the PCB 
1 00 via a feeding point 1 02. This monopole antenna has 
an antenna structure including an antenna element and 
an earth plate to resonate at a certain frequency. Ac- 
cordingly, antenna current ia flowing through the anten- 45 
na causes earth current ie to flow through the PCB 1 00 
serving as the earth plate, as shown in Fig. 2a. 
[0005] Fig. 2b illustrates current and voltage distribu- 
tions of the antenna current /a and earth current ie. 
[0006] Figs. 3a and 3b illustrate distributions of a near 50 
electric field and a near magnetic field formed due to the 
antenna current ia and earth current ie flowing during 
the operation of the antenna. In Figs. 3a and 3b, the 
reference numeral 103 denotes a phone body, and the 
reference numeral 104 denotes the head of the user. As 55 
shown in Figs. 3a and 3b, electromagnetic fields con- 
centrate on a position near the head 104. As a result, 
an increase in SAR occurs. 



[0007] It may be possible to achieve a reduction in 
SAR in the above-mentioned structure of Figs. 2a, 2b, 
3a and 3b by reducing the intensity of near electromag- 
netic fields acting around the head of the user. In this 
correction, however, the antenna structure of Figs. 2a, 
2b, 3a and 3b has the following problems: 

(1) In the above mentioned 1/4-A. monopole antenna 
structure, earth current ie flows through the PCB 
100 of the phone body 103 because the PCB 100 
serves as an earth plate. However, it is difficult to 
control the earth current ie flowing through the PCB 
100. For this reason, It is difficult to control near 
electromagnetic fields acting around the head of the 
user in order to reduce the intensity thereof; 

(2) Antenna current ia concentrates on a position 
near the feeding point 1 02 of the antenna. The head 
5, however, is typically positioned close to the feed- 
ing point 102. Taking this fact into consideration, 
use of a separate shield plate has been proposed 
in order to reduce radiation of electromagnetic in- 
tensity toward the head, in the above mentioned 
monopole antenna structure, however, poor shield- 
ing effects are obtained because the earth current 
ie flowing through the PCB also flows through the 
shield plate; 

(3) Since conventional monopole antennas have a 
linear structure, they are less preferred than internal 
type antennas; and 

(4) Although inverted F type or inverted L type an- 
tennas formed by machining a metal plate are 
known as internal type antennas, they cannot re- 
duce SAR because earth current flows, as in dipole 
antennas. 

[0008] Therefore, the object of the present invention 
is to provide a portable communication terminal includ- 
ing a miniature and inexpensive internal type antenna 
capable of achieving a reduction in SAR. 
[0009] According to an aspect of the present inven- 
tion, there is provided a portable communication termi- 
nal having an antenna system capable of achieving a 
reduction in SAR while securing superior communica- 
tion characteristics. 

[0010] In accordance with one further aspect, the 
present invention provides a portable communication 
terminal comprising a dipole antenna arranged on a sur- 
face of a printed circuit board included in the terminal, 
the surface being opposite to a surface of the printed 
circuit board to which a speaker is mounted. Preferably, 
the dipole antenna is formed in the form of an antenna 
pattern on an antenna board mounted on the printed cir- 
cuit board. The antenna pattern preferably has a multi- 
layered pattern structure formed on the antenna board 
and folded at least one time. 

[0011] In accordance with another aspect, the present 
invention provides a portable communication terminal 
comprising a plurality of dipole antennas adapted to si- 
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rnultaneous perform the same communication, and 
phase control means for controlling respective phases 
of powers to be fed to the dipole antennas. The portable 
communication terminal may further comprise power 
distribution ratio adjusting means for adjusting a distri- 
bution ratio of powers to be respectively fed to the dipole 
antennas. 

[0012] The above objects and advantages of the 
present invention will become more apparent by de- 
scribing in detail preferred embodiments thereof with 
reference to the attached drawings in which: 

Figs. 1a to 1d illustrate various types of monopole 
antennas used in conventional portable tele- 
phones; 

Figs. 2a and 2b are views illustrating the structure 
of a monopole antenna in a conventional portable 
phone, an antenna current, an earth current, and a 
current and voltage distributions exhibited during 
the operation of the antenna; 
Figs. 3a and 3b illustrate distributions of an electric 
field and a magnetic field acting around the head of 
the user; 

Figs. 4a to 4c are schematic views illustrating a prin- 
cipal antenna structure in a portable telephone as 
a portable communication terminal according to the 
present invention, in which Fig. 4a is a plan view, 
Fig. 4b is a side view, and Fig. 4c is a front view 
illustrating the condition of use of the portable tele- 
phone; 

Figs. 5a and 5b are plan and side views respectively 
illustrating an antenna structure according to a first 
embodiment of the present invention; 
Fig. 6 is a plan view illustrating an antenna PCB; 
Fig. 7 is a circuit diagram illustrating an electrical 
circuit configuration in the antenna structure ac- 
cording to the first embodiment of the present in- 
vention or an antenna structure according to a sec- 
ond embodiment of the present invention; 
Fig. 8 principally illustrates a folded dipole antenna 
according to the second embodiment of the present 
invention; 

Fig. 9 illustrates an example of the folded dipole an- 
tenna; 

Fig. 1 0 illustrates another example of the folded di- 
pole antenna; 

Figs. 11a and 11b are front and side views respec- 
tively illustrating an antenna structure in a portable 
telephone according to a third embodiment of the 
present invention; 

Fig. 12 is a block diagram illustrating a power feed- 
ing circuit unit; 

Figs. 13a and 13b are front and side views sche- 
matically illustrating a PCB included in a phone 
body installed with two dipole antennas according 
to the present invention; 

Fig. 13c is a front view illustrating the relation be- 
tween the phone body and the head of the user; and 



Figs. 14a and 14b are plan views schematically il- 
lustrating relations among phases of power to be 
respectively fed to the dipole antennas and electro- 
magnetic fields acting around the head of the user. 

5 

[001 3] Now, preferred embodiments of the present in- 
vention will be described in detail, with reference to the 
annexed drawings. In the drawings, the same or similar 
elements are denoted by the same reference numerals 
io even though they are depicted in different drawings. In 
the following description made in conjunction with pre- 
ferred embodiments of the present invention, a variety 
of specific elements such as constituting elements of 
various concrete circuits and telephone numbers are 
15 described. The description of such elements has been 
made only for a better understanding of the present in- 
vention. Those skilled in the art will appreciate that the 
present invention can be implemented without using the 
above-mentioned specific elements. In the following de- 
20 scription of the present invention, a detailed description 
of known functions and configurations incorporated 
herein will be omitted when it may make the subject mat- 
ter of the present invention rather unclear. 
[0014] Figs. 4a to 4c are schematic views illustrating 
25 a principal antenna structure in a portable telephone as 
a portable communication terminal according to the 
present invention. Fig. 4a is a plan view, Fig. 4b is a side 
view, and Fig. 4c is a front view illustrating the condition 
of use of the portable telephone. Referring to Figs. 4a 
30 to 4c, a PCB 1 mounted in a phone body is illustrated. 
A 1/2X dipole antenna (balanced power feeding anten- 
na) 3 is mounted on a surface of the PCB 1 opposite to 
the PCB surface to which a speaker 2 is mounted. In 
Figs. 4a to 4c, the reference numeral 4 denotes a power 
35 feeding circuit for the dipole antenna 3, the reference 
numeral 5 denotes the head of the user, and the refer- 
ence numeral 6 denotes the phone body. 
[0015] In accordance with the above configuration, 
resonant current flows only through the dipole antenna 
40 3. Also, no earth current flows through the PCB 1 . Ac- 
cordingly, radiating near electromagnetic fields are 
shielded by the ground pattern of the PCB 1 , as shown 
in Fig. 4b. Under the condition of use of the portable 
telephone shown in Fig. 4c, the head 5 of the user is 
45 positioned close to the speaker 2 of the PCB 1 . Accord- 
ingly, the ground pattern of the PCB 1 made of glass 
epoxy serves as a shield plate for shielding radiating 
electromagnetic fields, thereby reducing the intensity of 
electromagnetic fields acting around the head 5. Thus, 
50 a reduction in SAR is achieved. 

[0016] Figs. 5a and 5b illustrate an antenna structure 
according to a first embodiment of the present invention 
based on the principle of Figs. 4a to 4c. Fig. 5a is a plan 
view, and Fig. 5b is a side view of the antenna structure. 
55 A transmitting/receiving circuit 7 is arranged at a lower 
portion of the PCB 1 . At an upper portion of the PCB 1 , 
a power feeding circuit 4 is arranged which comprises 
a balance/unbalance transformer, that is, a balun. An 
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antenna PCB 10, to which the dipole antenna 3 is at- 
tached, is mounted on the power feeding circuit 4. In a 
general portable telephone, typically, an antenna is ar- 
ranged at the upper portion of the PCB, and a transmit- 
ting/receiving circuit is arranged at the lower portion of 
the PCB. 

[0017] The power feeding circuit 4 and transmitting/ 
receiving circuit 7 are connected together by a coaxial 
cable (semi-rigid cable). The speaker 2 is mounted to 
the surface of the PCB 1 opposite to the PCB surface 
on which the circuits are arranged. 
[0018] Fig. 6 illustrates the antenna PCB 10. As 
shown in Fig. 6, an antenna pattern is formed on the 
antenna PCB 1 0 to form the 1/2A, dipole antenna 3. The 
antenna PCB 1 0 is made of glass epoxy, and has a de- 
sired size of, for example, 20 x 35 x 1.0 (mm). There is 
no increase in manufacturing costs involved with the 
fabrication of the antenna PCB 10 having the above- 
mentioned structure. This is because the antenna pat- 
tern can be formed using the same process as the proc- 
ess of fabricating the above mentioned PCB. 
[0019] The antenna PCB 10 is mechanically fixed at 
a position determined taking into consideration the ra- 
diation pattern of the antenna in the portable telephone 
along with SAR. In the illustrated embodiment, the PCB 
1 is mechanically fixed at a position where it can serve 
as a shield plate for shielding electromagnetic fields, as 
shown in Figs. 4b and 5b. In accordance with such an 
arrangement, it is possible to reduce SAR while obtain- 
ing an optimum radiation pattern. 
[0020] Fig. 7 is a circuit diagram illustrating an elec- 
trical circuit configuration in the antenna structure hav- 
ing the configuration described herein above. As shown 
in Fig. 7, the transmitting/receiving circuit 7 includes a 
transmitting amplifier 71 , a receiving amplifier 72, and a 
duplexer 73. The power feeding circuit 4 is provided with 
a balun so that it is connected to the dipole antenna 3. 
The transmitting/receiving circuit 7 and power feeding 
circuit 4 are connected together by a coaxial cable 11 . 
[0021] Referring to Fig. 6, a dipole antenna having a 
reduced size is illustrated. In this dipole antenna, an in- 
put impedance is less than a generally used powerfeed- 
ing impedance corresponding to 50i2. Accordingly, it is 
preferable to increase the input impedance so that the 
input impedance matches with the power feeding im- 
pedance. 

[0022] Fig. 8 illustrates a principle according to a sec- 
ond embodiment of the present invention in which a fold- 
ed dipole antenna is formed on the antenna PCB. Re- 
ferring to Fig. 8, it can be seen that the input impedance 
of a dipole antenna having a folded pattern formed on 
the antenna PCB is higher than the input impedance of 
a basic dipole antenna. As illustrated in Fig. 8, the input 
impedance Z0 is increased four times when the antenna 
pattern is folded one time. In the case of the antenna 
pattern folded two times, the input impedance Z0 is in- 
creased 8 times. 

[0023] Fig. 9 illustrates an example of such a folded 



dipo le anten na. In the case of Fig. 9, the antenna PCB 
1 0 has a double-layered structure. Antenna patterns 3A 
and 3B are formed on opposite surfaces of the antenna 
PCB 1 0, respectively. The patterns 3A and 3B are con- 

5 nected together via through holes 1 0A and 1 0B formed 
at the antenna PCB 1 0. Thus, a dipole antenna 3 having 
a folded pattern structure is completely, formed. 
[0024] Fig. 1 0. illustrates another example of a folded 
dipole antenna. In the case of Fig. 10, the antenna PCB 

io 1 0 has a triple -layered structure. Here, antenna patterns 
3A and 3B are formed on opposite surfaces of the an- 
tenna PCB 10, respectively. This structure also has an 
intermediate layer formed with an intermediate pattern 
3C. These three patterns 3A, 3B and 3C are connected 

*s together via through holes 1 0A and 1 0B. Thus, a dipole 
antenna 3 having a folded pattern structure is complete- 
ly formed. 

[0025] The circuit configuration used in the folded di- 
pole antenna of Fig. 9 or 10 is the same as that of Fig. 

20 7. In accordance with the configuration of Fig. 9 or 10, 
it is possible to realize a miniature and inexpensive di- 
pole antenna having a superior impedance matching. 
[0026] Figs. 11a and 11b illustrate an antenna struc- 
ture in a portable telephone, such as a portable commu- 

25 nication terminal, according to a third embodiment of the 
present invention. Fig. 11a is a plan view, and Fig. 11b 
is a side view of the antenna structure. In Figs. 1 1 a and 
11b, the reference numeral 1 denotes a PCB mounted 
in a phone body, the reference numeral 21 denotes a 

30 first dipole antenna (balanced power feeding type an- 
tenna) arranged at an upper portion of the PCB 1, and 
the reference numeral 22 denotes a second dipole an- 
tenna arranged at the upper portion of the PCB 1 . The 
reference numeral 31 denotes a power feeding circuit 

35 of the dipole antenna 21 , and the reference numeral 32 
denotes a power feeding circuit of the dipole antenna 
22. The reference numeral 6 denotes a transmitting/re- 
ceiving circuit arranged at a lower portion of the PCB 1 . 
In a general portable telephone, typically, an antenna is 

40 arranged at the upper portion of the PCB, and a trans- 
mitting/receiving circuit is arranged at the lower portion 
of the PCB, as shown in Figs. 11a and 11b. The refer- 
ence numeral 7 denotes a coaxial cable (semirigid ca- 
ble) for connecting the transmitting/receiving circuit 7 to 

45 a power distributor/combiner formed at the upper por- 
tion of the PCB 1 . The reference numeral 8 denotes a 
speaker attached to a surface of the PCB 1 opposite to 
the PCB surface on which the dipole antennas are ar- 
ranged. 

so [0027] Antenna current ia1 having a phase <X>1 flows 
through the dipole antenna 21 , whereas antenna current 
ia2 having a phase <D2 flows through the dipole antenna 
22. The dipole antennas 21 and 22 are used to simulta- 
neously transmit and receive the same signal. 

55 [0028] In accordance with the third embodiment, pow- 
er from the transmitting/receiving circuit 7 is fed, via the 
coaxial cable, to a microstrip circuit included in a power 
feeding circuit unit, which includes the power feeding cir- 



5 



7 



EP 1 206 000 A2 



8 



cuits 31 and 32 arranged at the upper portion of the PCB 
1. The fed power is then distributed to the two dipole 
antennas by a power distributing circuit. The power 
feeding circuit unit and power distributing circuit will be 
described hereinafter. Feeding of power to respective 
antennas may be achieved by connecting the transmit- 
ting/receiving circuit 6 to the power feeding circuit 31 by 
the coaxial cable 11 while connecting the transmitting/ 
receiving circuit 7 to the power feeding circuit 32 by a 
separate coaxial cable. 

[0029] Fig. 1 2 is a block diagram illustrating the power 
feeding circuit unit composed of the power feeding cir- 
cuits 31 and 32. In Fig. 1 2, this power feeding circuit unit 
is denoted by the reference numeral 30. The power 
feeding circuit unit 30 includes a power distributor/com- 
biner 33 connected to the transmitting/receiving circuit 
7 by the coaxial cable 11 , phase controllers 34 and 35 
respectively adapted to control the antenna currents ia1 
and ia2, and balance/unbalance transformers (baluns) 
36 and 37 adapted to unbalance/balance-transform re- 
spective phase-controlled currents, and to supply the 
transformed currents to the respective antennas. 
[0030] Now, the operation of the above mentioned cir- 
cuit configuration will be described in detail. Figs. 13a 
and 13b are views schematically illustrating the dipole 
antennas 21 and 22 along with the phases <M and 0>2 
of their antenna currents. Fig. 13c is a front view illus- 
trating the relation of the phases <X>1 and 0>2 with the 
head 5 of the user. 

[0031 ] Figs . 1 4a and 1 4b are plan views schematical- 
ly illustrating relations among the phases 01 and <S>2, 
head 5 and the near electromagnetic fields. 
[0032] Referring to Fig. 12, signal power transmitted 
from the transmitting/receiving circuit 7 is half distribut- 
ed to the phase controllers 34 and 35 by the power dis- 
tributor/combiner 33. The phase controllers 34 and 35 
controls the distributed powers to have desired phases 
01 and <X>2. The powers are then unbalance/balance- 
transformed in terms of transmission mode by the bal- 
uns 36 and 37 that, in turn, supply the mode-trans- 
formed powers from their power feeding terminals to the 
dipole antennas 21 and 22, respectively. As a result, the 
dipole antennas 21 and 22 resonate. Thus, a double di- 
pole antenna function is carried out. 
[0033] In this case, electromagnetic fields acting 
around the head 5 can be mutually offset by appropri- 
ately adjusting respective phases <X>1 and <I>2 of the an- 
tenna currents ia1 and ia2 by the phase controllers 34 
and 35 in order to allow those phases to have a phase 
difference of, for example, 180°, as shown in Fig. 14a. 
Accordingly, it is possible to reduce the intensity of the 
electromagnetic fields, thereby reducing SAR. 
[0034] Of course, the intensity of electromagnetic 
fields acting around a position opposite to the head 5 is 
also reduced. At that position, a reduction in antenna 
gain also occurs. However, a superior communication 
performance can be obtained by adjusting the power 
distribution ratio of the power distributor/combiner 33, 



and the phases of the phase controllers 34 and 35 so 
as to obtain an optimum radiation pattern while achiev- 
ing an optimum reduction in SAR. . 
[0035] Although the present invention has been de- 

5 scribed in conjunction with the embodiments in which 
two dipole antennas are installed, it is possible to install 
three or more dipole antennas while adjusting respec- 
tive power feeding phases and the power distribution ra- 
tio for those dipole antennas. The present invention is 

10 not limited to portable telephones, but is applicable to 
other portable communication terminals such as PHSs 
or PDAs. 

[0036] As apparent from the above description, the 
present invention provides a portable communication 

* s terminal in which dipole antennas are arranged on a sur- 
face of a PCB, included in the terminal, opposite to the 
PCB surface to which a speaker is mounted. According- 
ly, it is possible to reduce the intensity of electromagnet- 
ic fields acting around the head of the user without pre- 

*o venting the flowing of earth current through the PCB, 
thereby reducing SAR. The dipole antennas are formed 
in the form of antenna patterns on an antenna board. 
Accordingly, the formation of the dipole antennas can 
be carried out using the same process as the process 

?5 of fabricating the PCB. As a result, it is possible to easily 
realize a miniature and inexpensive internal type anten- 
na structure. It is also possible to realize an inexpensive 
antenna having a superior impedance matching by 
forming the antenna pattern on the antenna board to 

» have a multi-layered pattern structure folded at least one 
time. 

[0037] While this invention has been described in con- 
nection with what is presently considered to be the most 
practical and preferred embodiment, it is to be under- 
fs stood that the invention is not limited to the disclosed 
embodiment, but, on the contrary, it is intended to cover 
various modifications within the spirit and scope of the 
appended claims. 



Claims 

1 . A portable communication terminal comprising: 

a plurality of dipole antennas adapted to simul- 
taneously perform a same communication; and 
phase control means for controlling respective 
phases of powers to be fed to the dipole anten- 
nas. 

2. The portable communication terminal according to 
claim 1 , further comprising: 

power distribution ratio adjusting means for ad- 
justing a distribution ratio of powers to be re- 
spectively fed to the dipole antennas. 

3. The portable communication terminal according to 
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claim 1 or 2, wherein: 

the plurality of dipole antennas is arranged on 
a surface of a printed circuit board included in 
the terminal, the surface being opposite to a s 
surface of the printed circuit board to which a 
speaker is mounted. 

4. A portable communication terminal comprising: 

w 

a dipole antenna arranged on a surface of a 
printed circuit board included in the terminal, 
the surface being opposite to a surface of the 
printed circuit board to which a speaker is 
mounted. 15 

5. The portable communication terminal according to 
claim 4, wherein the dipole antenna is formed in an 
antenna pattern on an antenna board mounted on 

the printed circuit board. 20 

6. The portable communication terminal according to 
claim 5, wherein the antenna pattern has a multi- 
layered pattern structure formed on the antenna 
board and folded at least one time. 25 
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